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and Periplocaceae (Judd et al.. 1994; Civeyrel, 
1996; Endress et al., 1996; Sennblad & Bremer, 
1996; Sennblad et al., 1998), but in most of these 
studies many relevant taxa were not considered, 
and thus the monophyly of the Apocynaceae s.l. has 
not been adequately tested. The only comprehen- 
sive survey published to date that has included at 
least one taxon from all recognized tribes of the 
Apocynaceae s.l. is the doctoral thesis of Sennblad 
(1997) and the paper based thereon (Sennblad & 
Bremer, 2000). In their analysis, however, support 
values for many clades were very low, so that re- 
lationships among clades were poorly resolved. 
Moreover, the precise placements of the Asclepia- 
daceae and Periplocaceae clades are in conflict 
among existing phylogenetic trees. The phyloge- 
netic reconstruction presented here includes rep- 
resentatives of all recognized tribes of the entire 
Apocynaceae clade, and with 152 taxa, is nearly 
double the number of taxa included in the Senn- 


blad and Bremer (2000) analysis. In addition, our 


analysis is based on molecular as well as morpho- 
logical data. Therefore it represents the most com- 
prehensive phylogenetic investigation published to 
date on Apocynaceae s.l. 

Our cladistic analysis of the Apocynaceae s.l. 
uses both molecular (trib intron and trn L-F spacer) 


sequence and morphological propagule character 


data to estimate phylogenetic relationships within 
the family. One hundred and fifty-two accessions 
(113 genera, 146 species), representing all the ma- 
jor infrafamilial groups, are represented. Six mor- 
phological characters related to seed dispersal were 
combined with the molecular matrix. These mor- 
phological characters were included in order to 
generate hypotheses of character evolution and to 
examine how propagule-related features correlate 
with Asclepiadaceae and Periplocaceae clade di- 
versification. A brief cladistic biogeographic inter- 
pretation of this group is finally presented. 


MATERIALS AND METHODS 


SPECIES SAMPLED AND SOURCES OF PLANT 
MATERIAL 


Plant material used for DNA extraction was ob- 
tained from field, botanical garden, and herbarium 
sources (Appendix 1). Field- and garden-collected 
specimens were dried and stored in silica gel prior 
to DNA isolation, From herbarium specimens, ca. 
0.5 em? of plant tissue was removed and either 
stored in plastic tubes or used immediately. Plant 


parts used included leaves, flowers, and seeds. 


DNA ISOLATION, SEQUENCING, AND ALIGNMENT 


DNA was extracted according to two protocols: a 
silica milk method (Struwe et al.. 1998) and а mod- 
ified potassium ethyl xanthogenate (PEX)/urea pro- 
cedure (after Jhingan, 1992). Both methods remove 
secondary compounds thought to interfere with 
PCR amplification. The silica milk extraction meth- 
od is basically a scaled down version of the stan- 
dard CTAB (hexadecyltrimethylammonium bro- 
mide) DNA extraction method (Doyle & Doyle. 
1987). but the final step in DNA isolation and pu- 
rification is based on DNA: silica affinity (Boom et 
al., 1990; Savolainen et al., 1995) and not precip- 
tation. 

The trnL-F region of the plastid genome was 
amplified using standard PCR parameters. ac- 
cording to Taberlet et al. (1991). Bovine serum 
albumin (BSA, 0.04%) was included in the PCR 
recipe to facilitate the likelihood of PCR product. 
The РСК primers correspond to the forward “e” 
(CGAAATCGGTAGACGCTACG) and “e” (GGT- 
TCAAGTCCCTCTATCCC), and the reverse “4” 
(GGGGATAGAGGGACTTGAAC) and “Г” (ATT- 
TGAACTGGTGACACGAG) primers (Taberlet et 
al., 1991). Every attempt was made to amplify the 
entire (rL-F region using primers "c" and "f." 
but when this was not possible, separate “e-d” 
and “e-f” amplifications were conducted. Ampli- 
fication products were purified in a preparatory 
low-melt agarose gel (Fisher Biotech) and re-am- 
plified prior to sequencing reactions. Cycle se- 
quencing was performed with either fluoro- 
chrome-labeled or dRhodamine dideoxy chain 
terminators. The cycle sequencing products were 
cleaned using Princeton Separations Centri-Sep 
100 columns (www.bioresearchonline.com, fol- 
lowing the manufacturer's protocol) and evaluat- 
ed with a Perkin Elmer Applied Biosystems ABI 
377 automated sequencer and software, Se- 
quence alignments for phylogenetic analysis were 
initially done in Sequencher 3.0 followed by vi- 
sual estimation. 

Forty-eight binary insertion/deletion characters 
were assigned to account for structural (insertion/ 
deletion) information (Table 1). The trnL (UAA) 3' 
and ambiguous regions of sequence were excluded 
from maximum parsimony analysis and from the 
global alignment of 154 sequences (available оп 
request). 


MORPHOLOGICAL DATA 


Fruit and seed characters related to dispersal 
mode (Table 2) were obtained from primary litera- 
ture sources (denoted by * in the reference section), 
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Table 1. 


Sequence insertion/deletion characters that were scored from the total Apocynaceae s.l. trnL intron and 


trnL-F spacer alignment (available on request). The indel # lists the number and the range provides the exact location 


of the gap in the final alignment for the contiguous intron and spacer. 








trnl, intron 





trnL-F spacer 








Indel # Range (bp) Indel # Range (bp) Indel # Range (bp) Indel # Range (bp) 
l 13 & 88 17 307-310 30 667—012 46 1049-1057 
2 122-126/141-144 18 311-314 31 706-722 47 1114-1116 
3 130-140 19 382—170 32 731-739 18 1189-1194 
| 127-140 20 299—300 33 186-844 
5 135-140 21 301—302 34 824-1219 
6 134—140 22 293—302 35 873-878 
% 133-140 23 321-327 36 819 
8 152-157 24 344-367 37 838—043 
9 165 25 354—359 38 883-1044 

10 235-241 20 388 39 923-936 

11 233-253 20 125-138 10 924—936 

12 281—286 20 177—185 11 921-936 

13 291-300 29 500 12 982-99 | 

14 505-507 43 986-994. 

15 531 M 1026-1047 

l6 561—570 15 1053-1078 





as well as from personal observations. Interpreta- 
tion of character states taken from the literature 
and/or from herbarium material was problematic 
given the state of the material and the lack of com- 
prehensive propagule studies of the group as a 
whole. Since a large number of sources were con- 
sulted, character definitions were not consistent 
among these authors. Our morphological data зе! 
was, however, verified by consultation with M. En- 
dress, J. Zarucchi, and W. D. Stevens. Definitions 
of characters and their states largely follow Endress 


et al. (1996). 


PHYLOGENETIC ANALYSIS 


The molecular data set and the combined. data 
matrix (available upon request) were subjected to 
phylogenetic analysis. The molecular matrix con- 
sisted of the trnl, intron, trnL-F spacer nucleotide 
sequence (see Table 3 for sequence characteris- 
tics), and binary insertion/deletion characters (Ta- 


ble 1). The combined matrix, however, consisted of 


both the molecular and the morphological propa- 


gule matrices so that considerations of morpholog- 


ical evolution could be made within the context of 


all available data (see Luckow & Bruneau, 1997). 
Each matrix was analyzed using Fitch parsimony 
(Fitch, 1971) as implemented in PAUP 4.0.0464 
(Swofford, 1998). The following options were used 
to find the shortest trees that were spread over sev- 


eral disjunct optima or islands: 100 replicates of 


random sequence addition order, saving no more 


than 3 trees longer than an arbitrarily low "dummy" 
tree length per replicate, MULPARS activated, and 
TBR branch swapping. Following this initial 
search, the shortest trees obtained were amplified 
in number by swapping on trees in memory (using 
Nearest- Neighbor Interchange or NNI branch swap- 
ping) until a limit of 1000 trees was reached; only 
most parsimonious trees were saved. These tree 
amplifications were performed in order to approxi- 
mate asymptotically all possible non-polytomous 
resolutions permitted by the data (Sanderson. & 
Doyle. 1993). Strict consensus trees of the NNI- 
swapped trees were constructed to summarize com- 
ponents shared among all primary trees. Support for 
particular groups was evaluated using parsimony 


jackknife without character weights (Farris et al., 


1996). One thousand jackknife replicates (“emulate 
Jac” on) with branch swapping (and 5 random ad- 
dition orders per replicate) were performed using 
PAUP. Only groups with jackknife frequency of 
50% or greater are considered to have support (see 
Farris et al., 1990): 63% or higher parsimony jack- 
knife frequencies represent the equivalent of one 
uncontradicted synapomorphy (Farris et al., 1996; 
Struwe et al., 1998). Character evolution was stud- 
ied with MacClade 3.0 (Maddison & Maddison, 
1992). Character optimizations on strict Consensus 
trees were made using the “hard polytomy" option, 
which assumes that every branch of a polytomy has 
acquired a character state independently from the 
others. For counts of numbers of particular char- 
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Table 2. Propagule character matrix for genera within Apocynaceae s.l. Propagule and geographic character opti- 
mization was performed but is not provided. Geographic distribution pertains to species or genera where applicable: 
this character was, however, not included in the actual phylogenetic analysis but is provided here for completeness. 








Pericarp Seed 


sclerifi-. presenta- Seed Seed 

Exocarp Mesocarp cation tion margin coma Distribution 
P E nro Once AE se ee 
Bonyunia superba 0 0 2 0 | | () 
Strychnos tomentosa 0 | 0 0&2 1&2 | 0 
(сокатићета oppositifolia 0 | 0 2 2 1 | 
Acokanthera rotundata 0 | () 2 2 | l 
Mlamanda 0 0 0 0 || | 0 
Alstonia boonei 0 0 0 0 2 0 | 
Alyxia buxifolia 0 l 2 0 2 | 3 
Amsonia orientalis 0 0 0 0 0&2 1 5 
Amsonia tabernaemontana 0 0 0 0 2 l 6 
Apocynum androsaemifolium 0 0 0 0 2 2 6 
Apocynum cannabinum 0 0 0 0 2 2 6 
Asclepias curassavica 0 0 0 0 l 2 0&7 
Asclepias syriaca 0 0 0 0 | 2 6 
Asclepias tuberosa 0 0 0 0 1 2 6 
Aspidosperma australe 0 0 1&2 0 l l 0 
Aspidosperma cuspa 0 0 1&2 0 0 l 0 
Aspidosperma desmanthum 0 0 1&2 0 | 1 0 
Aspidosperma megalocarpon 0 OX | 2 0 l l 0 
Aspidosperma myristicifolium 0 0 142 0 | l 0 
Aspidosperma pyrifolium 0 0 1&2 0 | 1 0 
Aspidosperma quebracho-blanco 0 0 1&2 0 | | 0 
Baissea leonensis 0 0 0 0 2 2 1 
Beaumontia grandiflora 0 0 1&2 0 2 2 0&2&4 
Bonafousia siphilitica 0 | 0 | 2 l 0 
Callichilia barteri 0 l 0 | 2 l l 
Calotropis procera 0 0 0 0 1 2 2&5 
Caralluma crenulata 0 0 0 0 l 2 l 
Caralluma gerstneri 0 0 0 () 1 2 l 
Carissa bispinosa 0 l 0 2 2 | | 
Carissa carandas 0 | 0 2 2 | 2 
Catharanthus roseus 0 0 0 0 2 | 2 
Cerbera manghas || () 1&2 0 0 l 3&4 
Cerbera odollam | 0 1&2 0 0 | 1 
Cerberiopsis candelabra | 0 1&2 0 0 1 | 
Ceropegia sandersoni 0 0 0 0 l Э | 
Chonemorpha fragrans 0 0 0 0 2 2 283 
Cond ylocarpon amazonicum 0 0 2 0 2 l 0 
Cond ylocarpon sp. 0 0 2 0 2 | 0 
Couma macrocarpa 0 | 0 2 2 l 0 
Cryptolepis oblongifolia 0 0 0 0 2 2 l 
Cryptostegia grandiflora 0 0 1&2 0 2 2 2 
Cycladenia humilis 0 0 0 0 2 2 6 
Cynanchum sp. 0 0 0 0 | 2 IN283N 4&5N6 
Dischidia bengalensis 0 0 0 0 1 2 Хо 
Ditassa sp. 0 0 0 0 1 2 0 
Dregea sinensis 0 0 1&2 0 1 2 5 
Duvalia elegans 0 0 0 0 | 2 | 
Duvaliandra dioscoridis 0 0 0 0 l 2 l 
Echidnopsis cereiformis 0 0 0 0 | 2 || 
Echidnopsis dammanniana 0 0 0 0 l 2 | 
Echites umbellata 0 0 0 o 2 2 охо? 
Fockea cylindrica 0 0 0 0 | 2 | 
Fockea edulis 0 0 0 0 l 2 l 
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Table 2. Continued. 








Pericarp Seed 


sclerifi- presenta- Seed Seed 
Exocarp Mesocarp cation tion margin coma Distribution 

Fockea sinuata 0 0 0 0 1 2 1 
Forsteronia corymbosa 0 0 0 0 2 2 7 
Frerea indica 0 0 0 0 1 2 2 
Funtumia elastica 0 0 1&2 0 2 2 | 
Galactophora crassifolia 0 0 0 0 2 2 0 
Geissospermum laeve 0 | 0 2 2 1 0 
Gomphocarpus physocarpus 0 0 0 0 2 2 l 
Gomphocarpus sp. 0 0 0 0 2 2 l 
Gonolobus patens 0 0 0 0 1 2 0&6 
Haplophyton crooksii 0 0 0 0 2 2 0&6 
Himatanthus sp. 0 0 0 0 | 1 0 
Himatanthus tarapotensis 0 0 0 0 || 1 0 
Holarrhena pubescens 0 0 0 0 2 2 1&2 
Hoya australis 0 0 0 0 2 p 3&4 
Huernia keniensis 0 0 () 0 | 2 | 
Hunteria umbellata 0 l 0 2 2 l l 
Isonema smeathmanni 0 0 0 0 2 2 | 
Lacmellea aculeata 0 1 () 2 2 1 0 
Landolphia incerta 0 l () 2 2 | | 
Laxoplumeria baehniana 0 0 0 0 2 0 0 
Lepiniopsis ternatensis 0 | 2 0 2 | 3&4 
Macoubea guianensis 0 | 0 | 2 | 0 
Mandevilla sp. 0 0 0 0 2 2 0 
Marsdenia amorimit 0 0 0 0 | 2 0 
Mascarenhasia arborescens 0 0 0 0 2 2 2 
Matelea sp. 0 0 0 0 2 2 охо 
Melodinus monogynus 0 l 0 2 2 1 | 
Micholitzia obcordata 0 0 0 0 | 2 2&4 
Microplumeria anomala 0 0 0 0 2 l 0 
Molongum laxum 0 | () 2 2 | 0 
Mondia whiteti 0 0 0 0 | 2 | 
Neisosperma nakiana 0 1 2 0 0 1 1 
Nerium oleander 0 0 0 0 2 2 14245 
Ochrosia elliptica 0 1 2 0 0 | 3&4 
Ophionella arcuata 0 0 0 0 1 2 1 
Orbea variegala 0 0 0 0 l 2 l 
Orbeanthus hardyi 0 0 0 0 | 2 l 
Oxystelma bornouense 0 0 0 0 2 2 | 
Pachycarpus sp. 0 0 0 0 | 2 | 
Pacouria guianensis 0 | 0 2 2 | 0 
Parsonsia eucalyptophylla 0 0 0 0 2 2 3 
Peltastes peltatus () 0 0) 0 2 2 0 
Pentalinon luteum 0 0 0 О 2 2 F4 
Periploca graeca 0 0 0 0 2 2 5 
Petopentia natalensis 0 0 () 0 2 2 ] 
Philibertia gilliesii 0 0 0 0 | 2 0 
Piaranthus geminatus 0 0 0 0 1 2 | 
Picralima nitida 0 1 0 2 2 1 1 
Plectaneia stenophylla 0 0 0 0 0 l 2 
Pleiocarpa mutica 0 1 0 2 2 | | 
Plumeria alba 0 0 0 0 0 | 7 
Plumeria obtusa 0 0 0 0 0 | 0&7 
Prestonia mollis 0 0 0 0 2 2 0 
Prestonia quinquangularis 0 0 0 0 2 2 ONT 
Pteralyxia kauaiensis 0 | 2 0 2 l | 


Е 
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Table 2. Continued. 








Pericarp Seed 


sclerifi-. presenta- Seed Seed 
Exocarp Mesocarp cation tion margin coma Distribution 


eDOCS 
D 


Rauvolfia balansae 0) | 2 0 2 | | 
Rauvolfia serpentina 0 | 2 0 2 | 284 
Saba comorensis 0 l 0 2 2 | 1&2 
Sarcostemma mulanjense 0 0 0 0 | 2 1&2 
Sarcostemma stolonifera 0 0 0 0 l 2 1&2 
Secamone glaberrima 0 0 0 0 2 2 2 
Secamone oleaefolia 0 0 0 0 2 2 2 
Skytanthus acutus 0 0 1&2 0 2 | 0 
Stapelia leendertziae 0 0 0 0 | 2 | 
Stapelia peglere 0 0 0 0 l 2 | 
Stapelia revoluta 0 0 0 0 | 2 | 
Stapelia schinzii 0 0 0 0 | 2 | 
Stomatostemma monteiroae 0 0 0 0 2 Ў: | 
Strempeliopsis strempelioides 0 0 0 0 0 | f 
Strophanthus gratus 0 0 1&2 0 2 2 | 
Tabernaemontana citrifolia 0 l 0 | 2 | 7 
Tabernaemontana floribunda 0 l 0 | 2 | 3&4 
Tabernaemontana sp. 0 | 0 | 2 | 28487 
Tabernanthe фора 0 | () l 2 || l 
Tavaresia grandiflora 0 0 0 0 | 2 | 
Telosma cordata 0) 0 1&2 0 | 2 | 
Thevetia ahouai 0 || 2 0 0 | 0 
Thevetia peruviana l 0 1&2 0 0 | 0 
Tonduzia longifolia 0 0 0 0 0 0 0 
Tonduzia stenophylla 0 0 0 0 0 0 0 
Trachelospermum jasminoides 0 0 0 0 2 2 1&5 
Trichocaulon triebneri 0 0 0 0 | 2 | 
Tridentea longipes 0 0 0 0 | 2 | 
Tromotriche revoluta 0 0 0 0 | 2 | 
Tweedia coerulea 0 0 0 0 || 2 () 
Tylophora sylvatica 0 0 0 0 | 2 142 
Urceola rosea 0 0 0 0 2 2 2&4 
Vallesia antillana 0 | 2 0 2 | 6&7 
Vinca difformis 0 0 0 0 2 || 5 
Ипса minor 0 0 0 0 2 || 5 
Vincetoxicum hirundinaria 0 0 0 0 || 2 5 
Vincetoxicum nigrum 0 0 0 0 l 2 5 
Voacanga africana 0 | 0 | 2 | || 
Wrightia tomentosa 0 0 0 0 2 2 241 


—————————————————————————— 


Characters & States 


Exocarp Seed margin Distribution 
0: thin 0: not circumalate 0: South-Meso America 
l: thick l: circumalate I: Africa 
Mesocarp 2- naked 2: Indian Ocean Basin 
0: dry Seal’ canis 3: Australia-New Guinea 
. Joa fy 
|: fleshy ДЕ defend 1: Pacific ) | 
ror . NER 5: temperate Eurasia 
Pericarp sclerification 1: absent : 
A xta 5 = : 6: North America 
0: non-sclerified 2: well defined с еы?» 
T: Caribbean 
1: mesocarp 


2: endocarp 

Seed presentation 

0: naked 

l: arillate 

2: embedded in pulp 
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Table 3. 


супасеае s.l. 





Sequence characteristics of the plastic trnL intron and trnL-F spacer sequence for members of the Apo- 





Sequence characteristic 


ті. intron ит! „| spacer 





Nucleotide sites (bp) 


Total length (without gaps) 


No. aligned positions (with gaps) 

No. (%) ambiguous 

No. (%) constant 

No. (%) autapomorphic 

No. (%) phylogenetically informative 
Length variation (bp) 

No. of unambiguous alignment gaps 





No. (size range) of deletions 
No. (size range) of insertions 

No. of gaps phylogenetically informative 
No. (%) of point gaps 


Sequence divergence (%) 


G + C (%) content (range, mean) 


Ts/Tv ratio (range) 


range (348—196) 
mean = 481 


range (246—378) 
mean — 322 


625 610 

58 (9.3) 164 (26.9) 
319 (51) 214 (35.1) 
95 (15.2) 15 (12.3) 


153 (24.5) 157 (25.7) 


51 52 

13 (1-89) 11 (6-396) 

16 (1-21) 8 (1-14) 

29 19 

13224 (15.1) 19000 (27.7) 
0.2—12.2 0–17.6 

range (35.9—39.9) range (33.9–37.8) 
mean — 36.9 mean = 35.3 
1.27-1.28 1.07—1.08 





acter state transformations, only unambiguous 
events were included (excluding outgroup taxa). 


RESULTS AND DISCUSSION 


MOLECULAR AND COMBINED MOLECULAR— 
MORPHOLOGICAL PHYLOGENY 


Parsimony analysis of the molecular and com- 
bined matrix yielded 132/120 most parsimonious 
trees of length 1218/1294 steps (including auta- 
pomorphies and uninformative characters) and en- 
semble consistency (CI) and retention (RI) indices 
(Farris, 1989) of 0.53/0.52 and 0.89/0.89, ге- 
spectively. А strict consensus was computed after 
the 132/120 initial trees were amplified to a тах- 
imum of 1000 (Fig. 1). Values that pertain to the 
analysis of the molecular data (number of trees, 
Cls, RIs, jackknife support) always appear first in 
bold; those that apply to analysis of the combined 
data follow. 

The phylogenies derived from the molecular and 
combined data are similar in both strict consensus 
structure and jackknife support. A single incon- 
gruency involves a weak association between Rau- 
volfia and Tonduzia (55/<50%). Other variations 
involve slight differences in tree resolution (Figs. 
l, 2, indicated by dashed nodes)—the strict con- 
sensus of the molecular matrix is slightly less re- 
solved than that for the combined analysis. The in- 
creased resolution obtained. by combining the 


molecular and morphological data further supports 
the usefulness of including morphological charac- 
ters in this analysis. As would be expected, the 
addition of the few representative morphological 
characters did not significantly influence parsimony 
jackknife support, except for the Neisosperma/Och- 
rosia clade where support increased from <50 to 
73%. The other sizable difference in support is 
seen at the very base of the tree for the genus As- 
pidosperma (<50/63). These large changes in sup- 
port argue for the continued recognition of Neisos- 


the 


re-examination of circumscriptions for these genera 


perma and Ochrosia and perhaps 
(see Leeuwenberg (1994) for difference of opinion, 
and Potgieter (1999) for the examination of the ge- 
nus Aspidosperma). 

Parsimony jackknife values demonstrate strong 
support for the basic internal structure of the tree. 
Notably, (1) the monophyly of Apocynaceae s.l. is 
supported by 100/100% of the jackknife repli- 
cates: similar branching order was seen for the 
analysis of a small number (11) of representative 
members of Apocynaceae using trnL spacer se- 
quences together with Gentianaceae and Rubiaceae 
as outgroups (Struwe et al., 1998); (2) the genus 
Aspidosperma and its allies are sister to the rest of 
Apocynaceae in 94/960% of replicates; (3) the ge- 
nus Alstonia s. str. (i.e., excluding Tonduzia), in 
turn, is the sister group to the rest of the family at 


95/97%; (4) the fleshy-fruited genera Acokanthera 
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LOGANIACEAE 


Bonyunia superba 


Strychnos tomentosa 

92/89 Strempeliopsis strempeliopsis 
Haplophyton cooksii ............. 

65/60 Vallesia antillana | Alyxicae 


94/ Geissospermum laeve 


100/100 Microplumeria anomala 





Plumerieae 





i Aspidosperma desmanthum 
65/68 Aspidosperma cuspa 
Aspidosperma myristicifolium 
<50/63 7 — Aspidosperma pyrifolium Plumerieae 
Aspidosperma quebracho- blanco 
Aspidosperma australe 
Aspidosperma megalocarpon 





Alstonia boonei 
Couma macrocarpa 
100/100 Lacmellea aculeata 
Landolphia incerta  |Carisseae 
90/94 L Pacouria guianensis 
Saba comorensis а 
Macoubea guianensis |Масоџђеса 


Tabernanthe iboga 
100/100 Callichilia barteri 
А Voacanga africana Tabernaemontaneae 
91/91 | Bonafousia siphilitica 
4 Tabernae montana sp. 
89/88 inem 
Tabernae montana c itrifolia 
100/100 SU Neisosperma nakiana | 7 
Oc hrosia elliptica 
87/87 ћ NIT Rauvolfia balansae — |Alyxieae 
A Rauvolfia serpentina 
57/56 Rauvolfia serpentina 
Catharanthus roseus ~~ 
55 Ипса difformis 
Vinca minor 
TS 100/100 Laxopl umeria baehniana 
У Tonduzia longifolia 
Tonduzia stenophylla 
95/98 | ais 
Amsonia tabernaemontana 
Amsonia orientalis 
Thevetia peruviana 
100/100 7 Thevetia peruviana 
Melodinus monogynus 
Hunteria umbellata Carissea 
78/80 Picralima nitida 
/84 oj i 
100/100 86/8 Pleiocarpa mutica | 
9 Condylocarpon amazonas 
8/98 "ie ^ 
Condylocarpon sp. 
у Alyx ia buxifolia 
Lepiniopsis ternatensis 


94/96 


© @ бф © р Ш*®ё с б. р 


S m 


Plumerieae 


100/100 —* 


DIEM 


Cerbereae 


о 


Alyxieae 
70/73 


92/86 Plectaneia stenophylla Ри erieae 
52/<50 100/100 Plectaneia stenophylla 


A 


Figure 1 (pp. 530-532). Strict consensus of 1000 equally parsimonious trees (1218/1294 steps) for the molecular 
(trnl, intron and trnL-F spacer nucleotide) matrix and the combined molecular and morphological (six propagule char- 
acters) data sets. The separate matrices are available from the first author upon request. Jackknife support values are 
indicated as the first value below the nodes for the tree generated from the molecular data alone—the second value 
represents jackknife support for the combined data matrix: black arrows denote support for a given node when space 
was limited. Dashed nodes are used to indicate additional structure seen in the combined data set. e.g., [(Neisosperma, 
Ochrosia), (Catharanthus—Tonduzia), (Melodinus—Pleiocarpa). (Plumeria), (Skytanthus—Cerbera), and the Gomphocarpus 


——————— SP GH QD) ien n oes & 
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76/78 


97/9 [- 


6 


94/97 


67/63 99/10 


98/100 


81/7 


62/63 


100/1 
100/100 


81/78 76/75 


90/91 
59/61 55/<50 


100 /100 


52/< 50 
87/86 


58/57 99/99 


73/73 
96/96 
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Himatanthus tarapote nsis 
Himatanthus sp. 


Plumeria alba Plumerieae 
Plumeria obtusa 
Skytanthus acutus 
Pteralyxia kauaie nsis 
Thevetia ahouai 
Cerbereae 


Cerberiopsis candelabra 
Cerbera manghas 
Cerbera odollam 

Carissa bispinosa 
Carissa carandas 
Acokanthera oppositifolia 
Acokanthera rotundata 







Carisseae 


Isonema sme athm anni Echiteae 


Mande villa sp. 





Nerium oleander Wri Р 
Strophanthus gratus | FEE Mens 
Echiteae 


Cycladenia humilis. EA 


Forsteronia corymbosa — | Apocynyneae 


> H 2 x 
I entalinon lutea Bahiteae 
Pentalinon lutea |... 
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clade], whereas dashed vertical lines indicate additional structure in the molecular data set. |(Peltastes—Prestonia), 
(Marsdenia, Telosma)|. The only structural dissimilarity occurred in a relatively unsupported portion of the tree in the 
molecular clade consisting of [Rauvolfia (Laxoplumeria, Tonduzia)|. Consistency (CI) and retention (RI) indices for the 
molecular data set and the combined data set were 0.53/0.52 and 0.89/0.89, respectively. The subfamilial and tribal 
classifications sensu Leeuwenberg (1994) and Swarupanandan et al. (1996) are compared with this phylogenetic tree. 
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Figure 2 (pp. 533-535). Strict consensus of 1000 equally parsimonious trees (1218/1294 steps) for the molecular 
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and Carissa are resolved as sister genera to the 
"higher" Apocynaceae, Periplocaceae, and Ascle- 
piadaceae in 81/77% of replicates: and (5) the 
Apocynoideae, Periplocaceae, and Asclepiadaceae- 
clade is supported as monophyletic in 100/100% 
of jackknife replicates, as are the Periplocaceae 
and Asclepiadaceae themselves (100/100% and 
84/860% of jackknife replicates, respectively). 


THE APOCYNACEAE SENSU STRICTO ARE 
PARAPHYLETIC TO THE ASCLEPIADACEAE AND THE 
PERIPLOCACEAE 


The non-monophyly of the traditionally main- 
tained Apocynaceae s. str., with respect to the Per- 
iplocaceae and the Asclepiadaceae, is increasing- 
ly being recognized. For example, MacFarlane's 
(1933: 15) treatise on the evolution and distribu- 
tion of both families included the explicit state- 
ment that “the extremely complex and highly 
evolved flower of Asclepiadaceae can be traced to 
have originated by graded progressive stages from 
the simpler ones of higher Apocynaceae.” Recent 
cladistic analyses using morphological (Judd et 
al., 1994; Struwe et al.. 1994) and molecular (Civ- 
eyrel, 1996; Civeyrel et al., 1998; Sennblad, 1997: 
Sennblad & Bremer, 1996. 2000; Sennblad et al.. 
1998) data have supported the contention that As- 
clepiadaceae and Periplocaceae are derived from 
within a larger. monophyletic Apocynaceae. The 
data presented here (Fig. 1) add further support 
to the naturalness of the Apocynaceae sensu lato 
by demonstrating that the Periplocaceae and As- 
clepiadaceae form monophyletic clades derived 
from within the higher Apocynaceae. We therefore 
recognize that the Apocynaceae s.l. consist of the 
subfamilies Periplocoideae, Secamonoideae, and 
Asclepiadaceae based on monophyly, but. Apocy- 
noideae and especially Rauvolfioideae аге decid- 
edly paraphyletic as delimited by Endress and 
Bruyns (2000). Our data therefore do not support 
recognition of Apocynoideae ог Rauvolfioideae. 
Either the well-supported tribes сап be main- 
tained or many new subfamilies should be recog- 
nized (Sennblad, 1997: Civeyrel et al.. 1998). We 
feel, however, that additional evidence is needed 
before such major classification changes are made. 
Sennblad and Bremer’s (1996, 2000) phylogenetic 
analysis based on the rbcL gene suggested that 
Periplocaceae are most closely related to members 
of tribes Echiteae (Prestonia and Mandevilla) and 
Apocyneae (Apocynum). The Asclepiadaceae 
were, in turn, resolved as the sister group of this 
clade. In contrast, Civeyrel’s (1996; Civeyrel et 
al.. 1998) так locus, 


results, based on the 
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showed the Periplocaceae and Asclepiadaceae to 
be sister taxa, with members of the Echiteae (Pres- 
tonia), Apocyneae (Apocynum), and Wrighteae 
(Beaumontia) forming a more basal clade. Both of 
these resolutions cannot be simultaneously cor- 
rect, and, indeed, our analysis of characters from 
the ¢rnL intron and the trnL-F spacer region (Fig. 
1) echoes the need for further information to re- 
solve this ambiguity, 


SUBTRIBE CARISSINAE: THE SISTER GROUP TO 
HIGHER APOCYNACEAE 


The condition of congenital syncarpy in tribe 
Carisseae sensu. Leeuwenberg (1994) is polyphy- 
letic (Fig. 1). The genus Melodinus (subtribe Mel- 
odininae) and the genera Hunteria, Picralima, and 
Pleiocarpa (subtribe Pleiocarpinae sensu Leeu- 
wenberg, 1994; marginally monophyletic in 78/ 
80% of jackknife replicates) form part of a tri- 
chotomy at two nodes less derived (Fig. 1). 
Acokanthera and Carissa (subtribe Carissinae sen- 
su Leeuwenberg, 1994) form a strong group (98/ 
100%) that is supported (8 1/779€) as sister to the 
rest of the higher Аросупасеае (including the Рег- 
iplocaceae and Asclepiadaceae). This is in agree- 
ment with findings of other recent molecular stud- 
ies (Sennblad & Bremer, 1996; Endress et al.. 
1996; Civeyrel et al., 1998). Indeed, Acokanthera 
and Carissa were considered congeneric by Pi- 
chon (1948). These fleshy-fruited genera with 
plain style-heads and non-synorganized anthers 
have previously been considered among the most 
plesiomorphic taxa of "Carisseae" and, indeed, 
the Apocynaceae as a whole (Endress et al., 1996; 
Leeuwenberg, 1994). Phylogenetic evidence from 
rbcL and matK data also refutes a basalmost po- 
sition of the relatively unspecialized “Carisseae,” 
but neither gene discerns the position of subtribe 
Carissinae as sister to the derived clades of the 
Apocynaceae s.l. (Civeyrel, 1996; Sennblad & 
Bremer, 1996). 


trn INTRON AND trnL-F SPACER COMPARISON TO 
RECENT PHYLOGENETIC IDEAS 


The strict consensus tree from parsimony anal- 
ysis of trnL intron and trnL-F spacer sequence 
and propagule characters for the Apocynaceae s.l. 
highlights discrepancies with the Endress and 
Bruyns (2000) hypothesis (Fig. 2). In this tree trib- 
al delimitations in subfamily Rauvolfioideae sensu 
Endress and Bruyns (2000) are well supported, 
except for the following difference (Fig. 2, p. 533): 
the Alstonieae is ројурћујенс—Топаила was 
grouped with Alstonia in tribe Alstonieae. In con- 
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trast, the genera Tonduzia and Laxoplumeria ap- 
pear to be weakly associated with tribe Vinceae. 
which is in turn paraphyletic, with Amsonia group- 
ing with Thevetia peruviana (Fig. 2, p. 533). Ad- 
ditionally, the Alyxieae appear to be polyphyletic: 
Pteralyxia (Alyxieae) is strongly associated with 
Thevetia ahouai (76/75%), which in turn is firmly 
534). 


Note, however, that the genus Thevetia is poly- 


nested within the Plumerieae (Fig. 2. p. 


phyletie in this phylogenetic tree; this could be 
interpreted as support for recognition of Cascabela 
as a genus distinct from Thevetia. These results 
require further study as the position of T. peruvi- 
ana conforms to the expected position in studies 
by Sennblad and Bremer (1996) and Endress et 
al. (1996). Apocynoideae have very little resolu- 
tion and, although weakly supported. the position 
of subfamily Periplocoideae appears to be nested 
within it (Fig. 2. p. 534). Subfamily Secamono- 
ideae, represented by Secamone, is well supported 
(Fig. 2. p. 535). as is the Asclepiadoideae. the 
most highly derived subfamily (Fig. 2. p. 535). 
The tribe Marsdenieae is polyphyletic. with the 


genus Fockea representing the basalmost clade of 


the Asclepiadoideae and the Dischidia. Hoya. 
Micholitzia, Dregea, Marsdenia, Telosma clade sis- 
ter to the Ceropegieae, the most derived tribe (Fig. 
2. p. 535). Recognition of the tribe Fockeae (kun- 
ze et al., 1994) is supported (Fig. 2. p. 535). 
The remaining discussion largely follows the 
classification system sensu Endress and Bruyns 
(2000) as it is more congruent with our phyloge- 
netic results (Fig. 2) than other current systems. 


THE BASAL CLADES OF THE APOCYNACEAE 


Analysis of both the molecular and the com- 
bined data matrix provides strong support for the 
basalmost clades of the Apocynaceae s.l. Previous 
molecular studies that used rbcL and math se- 
quence (Civeyrel, 1996; Endress et al.. 1990: 
Sennblad & Bremer, 1996; Civeyrel et al.. 1998 
identified the genus Alstonia s. str. as the most 
plesiomorphic lineage, but important taxa from the 
Plumerieae and Alyxieae, namely Aspidosperma 
and allies, were not included in their analyses. 
The results of this study show that a clade com- 
prising Aspidosperma, Geissospermum, Microplu- 
meria, Haplophyton, Strempeliopsis, and Vallesia is 
sister to the rest of the family (Fig. 2. p. 533: both 
the clade and its basal position are supported by 
100/100% and 94/96% of jackknife replicates, 
respectively). These genera belong to the Alston- 
ieae (Fig. 2, p. 533). In keeping with earlier mo- 
lecular results, the next most basal taxon after this 


clade is A/stonia s. str. (Alstonieae: supported by 
95/97% of jackknife replicates). The genus Топ- 
duzia, which has been synonymized with Alstonia 
(Pichon, 1947a; Gentry, 1983) and maintained in 
the latest monograph in Alstonia (Sidivasa. 1998) 
was recognized by Endress and Bruyns (2000). 
who, however, placed both Alstonia and Tonduzia. 
as well as the poorly known genus Laxoplumeria. 
in tribe Alstonieae. In contrast, in the present 
phylogenetic study, there is no support for a close 
relationship between Alstonia and the latter two 
genera. Rather, both Tonduzia and Laxoplumer- 





ta—both from tropical America—appear to be 
weakly associated with tribe Vinceae, i.e.. in a 
more derived position than the African and Asian 
Alstonia (Fig. 2). As noted above, the group tra- 
ditionally held as most plesiomorphic. the Caris- 
seae, is syncarpous, but is also highly derived 
(Fig. 2. p. 534). Members of tribes Carisseae and 
Alstonieae share relatively unspecialized flowers 
that have a uniformly receptive and secretory 
style-head and non-synorganized stamens. Species 
of Haplophyton and Vallesia have a vertically dif- 
ferentiated style-head, with basal stigmatic re- 
gions (characteristic of most Apocynaceae s.l.). 
Moreover, Haplophyton has stamens that are con- 
vergent over the style-head as do more derived 
members of the family, e.g., Allamanda, Rauvolfia. 
and most species of Tabernaemontana (Endress, 
1986: Endress et al., 1996; Leeuwenberg, 1994: 
Pichon, 1950b: Potgieter, unpublished). Alstonia 
s. str., on the other hand, displays a vertically dif- 
ferentiated style-head without convergent stamens 
(Endress et al., 1996). Therefore, style-head spe- 
cialization and the beginnings of synorganization 
appear to have evolved in parallel among lower 
clades of the Apocynaceae s.l., becoming fixed 
among the higher clades, but with a notable re- 
versal in the tribe Carisseae. The molecular-de- 
rived relationships of the Apocynaceae s.l. to out- 
group taxa remain unclear using both trn intron 
and trn L-F spacer sequences (Struwe et al., 1998; 
pers. comm.) as well as data from the matK and 
rbcL regions (Civeyrel, 1996; Civeyrel et al., 1998: 
Endress et al., 1996; Sennblad & Bremer, 1996). 
The Loganiaceae genera Gardneria, Strychnos, and 
Usteria appear to be morphologically similar in 
that they have flattened seeds with a central hilum 
(Leeuwenberg & Leenhouts, 1980: Struwe et al.. 
1994) in common with the genus Aspidosperma 
(Alstonieae). 


EVOLUTION OF PROPAGULE CHARACTERS 


Most examinations of character evolution in the 
Apocynaceae s.l. have centered on issues related 
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to floral evolution, i.e.. synorganization and spe- 
cialization of the androecial and gynoecial struc- 
tures (e.g., Endress et al., 1996; Endress, 1994; 
Fallen, 1986; Judd et al.. 1994; Kunze. 1990. 
1993, 1996; Nilsson et al., 1993; Safwat, 1962). 
While floral complexity does increase with in- 
creasing phylogenetic derivation (Civeyrel, 1996; 
Endress et al., 1996; Sennblad & Bremer, 1990). 
associated traits (related to synorganization and 
specialization) are by no means fixed until the up- 
permost branches of the Apocynoideae (i.e., above 
the Carisseae) are reached. This is readily appar- 


ent when floral characters are optimized onto our 
molecular trees (unpublished results) and is clear 


from our discussion here of parallel trends of syn- 
organization and specialization in the basalmost 
clades of Apocynaceae s.l. Indeed, with members 
of the Apocynaceae s.l. bearing the most complex 
flowers of any dicotyledonous angiosperm (En- 
dress et al., 1983; Endress, 1994), to do full jus- 
tice to the issue of floral character evolution will 
require many additional ontogenetic studies be- 
yond those that have so far been performed. 

Instead of focusing on these most popularly 
studied attributes of the Apocynaceae s.l., а sub- 
ject that has not heretofore received such atten- 
tion, the phylogenetic correlates of propagule 
characters, is presented. Several fruit and seed 
characteristics, likely correlated with dispersal 
mode, have been used in traditional classifica- 
tions, but with the exception of syncarpy (Endress 
et al., 1996; Sennblad & Bremer, 1996). their phy- 
logenetic and evolutionary significance has not vet 
been explored. 

Most members of the Gentianales have ѕупсаг- 
pous ovaries, but apocarpy is common among 
Apocynaceae s.l. and is the rule for Loganiaceae 
genera Mitrasacme and Mitreola, which are api- 
cally apocarpous (Conn & Brown, 1996; Endress 
et al., 1983; Fallen, 1983b. 1986; Struwe et al.. 
1994). Analysis of data from plastid genes, matk. 
rbcL, and trnb-F (Civeyrel, 1996; Sennblad & 
Bremer, 1996; Civeyrel et al.. 1998; Sennblad. 
1997; Sennblad & Bremer, 2000: this paper. Fig. 
2), indicates that apocarpy is the plesiomorphic 
state for the Apocynaceae s.l. (see above and En- 
dress et al., 1996). In the Gentianaceae at least, 
congenital syncarpy is thought to be a prerequisite 
for the development of fleshy fruits (Struwe, 1999). 
In the Apocynaceae s.l., on the other hand, fleshy 
fruits are known among both congenitally зупсаг- 
pous as well as apocarpous taxa. Fleshy fruits are 
often associated with animal-mediated dispersal 
syndromes, and are evaluated within а phyloge- 
netic context. 


Mesocarp is the differentiated ovary wall, ex- 
cluding the inner and outer layers (endocarp and 
exocarp, respectively). Dry mesocarp is plesiom- 
orphic for the Apocynaceae s.l., whereas fleshi- 
ness has been derived independently multiple 
times within this clade (Table 2). Fleshy mesocarp 
is known from the early-branching Vallesia and 
Geissospermum (Alstonieae), the relatively early- 
branching, syncarpous Willughbeeae (Couma, Pa- 
couria, Saba, Lacmellea, and Landolphia), the Ta- 
bernaemontaneae clade (most of which are 
apocarpous except for members of the former Am- 
belanieae). Rauvolfia (including both syncarpous 
and apocarpous species), Neisosperma and Och- 
rosia (Vinceae). the more derived and syncarpous 
genus Melodinus of the Melodineae, the apocar- 
pous Hunterieae (Hunteria, Picralima, and Pleio- 
carpa), some syncarpous (Lepiniopsis) as well as 
apocarpous (Alyxia, Pteralyxia) Alyxieae, and 
Cerbera and Thevetia (Plumerieae), the syncarpous 
Carisseae (Acokanthera and Carissa) and Thevetia 
ahouai, which in this analysis, shows a weak re- 
lationship with Amsonia (Vinceae). Fleshy meso- 
carp. which has been used as a taxonomic char- 
acter to unify Carisseae in traditional 
classifications (e.g.. Leeuwenberg, 1994), is clear- 
ly inconsistent with the phylogenetic placement of 
the various syncarpous clades assigned to that 
tribe. Fleshiness probably correlates more with 
ecological traits. e.g.. dispersal syndrome, than 
with anything else. 

Endocarp in the Apocynaceae is primitively 
non-sclerified (Table 2). Sclerification of the en- 
docarp is often associated with drupe develop- 
ment. Sclerified endocarp appears to have been 
derived in the Apocynaceae s.l. six times inde- 
pendently (Table 2), sometimes, though not al- 
ways, in correlation with fleshy mesocarp. Of the 
basal genera, Strempeliopsis, Haplophyton, Micro- 
plumeria, Aspidosperma, and Alstonia have dry 
fruit. Vallesia has a fleshy drupe, and Geissosper- 
mum has a fleshy fruit, best described as a berry: 
and both Neisosperma and Ochrosia have a fleshy 
mesocarp. The dry, stringy layers in some genera, 
e.g., Veisosperma, are outgrowths of the endocarp; 
the mesocarp. however, is fleshy and rots away 
relatively quickly, leaving the thick endocarp out- 
growths that form a thick, dry covering that serves 
for long-distance dispersal. The endocarp of As- 
pidosperma and Vallesia (Alstonieae sensu. En- 
dress & Bruyns, 2000) and Netsosperma and Och- 
rosia (Vinceae sensu Endress & Bruyns, 2000) is 
sclerified. Syncarpous Lepiniopsis and hemi-syn- 
carpous Rauvolfia serpentina as well as the apo- 
carpous Alyxieae and Plumerieae (sensu Endress 
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& Bruyns, 2000) have fleshy drupes with a scler- 
ified endocarp; Skytanthus and Cerberiopsis have 
dry and fibrous mericarps, and Alyxia has fleshy 
drupe-like articles, which are detached, single- 
seeded portions of moniliform follicles (Middleton, 
2000). Notably, taxa of the fleshy-fruited Carisseae 


have a non-sclerified endocarp. Sclerification of 


the endocarp is a specialization not well correlated 
with the bearing of fleshy drupes, as some scleri- 
fied taxa are certainly not drupaceous (e.g., Aspi- 
dosperma). 

Seed presentation in the Apocynaceae s.l. is 
primitively naked, i.e., without a distinct aril and 
not embedded in a well-developed pulp (Table 2). 
The transition from naked seeds to seeds embed- 
ded in pulp appears to have occurred several 
times unambiguously within the Apocynaceae s.l.. 
whereas the transformation from arillate to em- 
bedded-in-pulp has only occurred three times in- 
dependently. The transition from naked to arillate 
is never unambiguous on the molecular-only tree 
(not shown), but very likely occurred in the an- 
cestor of the Tabernaemontaneae clade. Indepen- 
dent origins of fruit pulp have occurred in Geis- 
sospermum (Alstonieae), Couma through Saba 
(Willughbeeae). Molongum (Tabernaemontaneae). 
Melodinus (Melodineae), Hunterieae, and the Car- 
isseae. The arillate and pulp-embedded states are 
partly correlated with mesocarp fleshiness. con- 
forming to the syndrome of features favoring ani- 
mal-mediated seed dispersal. 

The seed margin is primitively winged to naked 
in the Apocynaceae s.l. (Table 2). Wing homology 
is difficult to establish in phylogenetically basal 
and derived taxa. The question whether seed 
wings of the genus Aspidosperma (basal) are ho- 
mologous to those found in the subfamilies Seca- 
monoideae and Asclepiadoideae remains undecid- 
ed, but these features were treated as homologous 
in this study. Independent origins of seed wings 
have occurred. multiple times in the subfamilies 
Rauvolfioideae, Periplocoideae, and the Asclepia- 
doideae. Members of the genus Aspidosperma (Al- 
stonieae) have the largest winged seed of the Apo- 
cynaceae s.l, and include both non-circumalate 
and circumalate seed. The wings of Plumeria 
seeds (Plumerieae) are non-circumalate, while 
those of Strempeliopsis (Alstonieae), Tonduzia |Al- 
stonia (see Leeuwenberg, 1994) for a differing 
opinion]. Plectaneia, and Cerberiopsis, although 
subject to different interpretation, were treated as 


having incompletely circumalate winged seeds. Of 
the members of the Periplocoideae, members of 


the genus Mondia have narrow seed wings (pers. 
obs.: see Swarupanandan et al., 1996, for a dif- 


ferent opinion and for further discussion). As a 
rule, the seeds of members of the Asclepiadoideae 
have a very narrow flat margin that has sometimes 
been called winged, but homology to the large, 
well-defined wings in other parts of the family is 
uncertain. This character has been secondarily 
lost in a number of species in the following gen- 
era: Matelea, Oxystelma, Gomphocarpus, and Hoya 
(Stevens, pers. comm.). 

The seed coma is primitively absent in the Apo- 
cynaceae s.l. (Table 2). The character state “ill- 
defined comas" refers to seed margins that sur- 
round the entire seed margin, are of uniform 
length, and аге ciliate. Ill-defined comas have 
been defined as wings, but without thorough on- 
logenelic investigation these classifications are 
subject to interpretation; in this context, Alstonia, 
Tonduzia, and Laxoplumeria have ill-defined co- 
mas. Well-defined seed comas have localized ar- 
eas that are highly pubescent; this character is 
present in the Apocynoideae, Periplocoideae, Se- 
camonoideae, and the Asclepiadoideae. A well- 
defined seed coma appears to have been derived 
from an immediate ancestor with the syncarpous, 
fleshy-fruited members of the Carisseae (Carissa 
and Acokanthera), although this relationship 15 
only moderately supported by a jackknife value of 
81/77% (Fig. 2, p. 534). The potential transition 
from a syncarpous fruit with seeds embedded in 
fleshy pulp to an apocarpous fruit with greatly in- 
creased numbers of small seeds with both wings 
and a well-defined coma was unexpected. The 
fleshy-fruited condition is most likely autapomor- 
phous for the Carisseae. Given that most of the 
family has seeds with well-defined comas, the evo- 
lution of this character can be used to hypothesize 
the derivation of four of five extant subfamilies via 
radiative expansion, 

The production of small seeds with a coma may 
have been the evolutionary step necessary for 
cladogenesis/speciation through increased dis- 
persal and exposure to new habitats. As a likely 
result of coma-mediated seed dispersal, the Apo- 
супасеае s.l. are found worldwide. 

Geography in the Apocynaceae s.l. appears to 
be primitively Gondwanan (South America, Africa, 
and the Indian Ocean Basin) from non-additive 
optimization of area states (see Ross & Scotese, 
1988, and Unternehr et al., 1988, for discussion 
on tectonic models; Ronquist, 1994; see Albert & 
Struwe, 1997, for an example of area optimiza- 
tion). This is useful information for estimating the 
age of origination for the genus Aspidosperma and 
its close neotropical associates, which must then 
have had a western Gondwanaland distribution. 
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Future research could be directed at integrated 
morphological and molecular-developmental stud- 
ies of both pollination and seed dispersal traits to 
better understand the origins and mechanistic ex- 
tents of both parallel and innovative reproductive 
evolution in this large angiosperm family. 
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DIVERSITY AND 
RELATIONSHIPS WITHIN 
THE PERIPLOCOIDEAE 
(APOCYNACEAE)! 





ABSTRACT 


Morphological diversity and. phylogenetic relationships in the Periplocoideae are analyzed. Most of the species of 
this subfamily inhabit tropical or subtropical forests and savannas as woody climbers, woody shrubs, epiphytes. or 
herbaceous geophytes. The flower is complex and has evolved into many forms, always incorporating a corolline corona, 
interstaminal corona-like nectaries, and stamens fused with the style-head into а gynostegium. Pollen is borne in tetrads, 
less often as pollinia, which are shed onto spathulate translators that are secreted in grooves around the periphery of 
the style-head. Phylogenetic relationships among the Periplocoideae genera are analyzed cladistically using morpho- 
logical characters, mainly of the flower. This analysis reveals one larger clade and two smaller clades. Eleven new 
generic synonyms, six new specific synonyms, and fifteen new species combinations are required within the subfamily. 


A key to the genera of the Periplocoideae is included. 
Key words: 
env. 


\pocynaceae, generic key, morphological diversity, nomenclatural corrections, Periplocoideae, phylog- 





The Periplocoideae (Apocynaceae) are restricted 
to the Old World. in Africa, Madagascar. Europe. 
Asia, and Australia, mainly in tropical and sub- 
tropical regions, with the majority of the species 
found in tropical evergreen rainforest, tropical sea- 
sonal (monsoon) forest, and tropical woodlands (sa- 


vannas) (Venter et al., 1990a; Venter, 1997; Venter 


& Verhoeven, 1996a). A small number of taxa. e.g.. 
Карћопасте galpinii Schltr. and R. hirsuta (E. 
Mey.) R. A. Dyer, inhabit the grasslands. and a few 
taxa are found in desert and semi-desert habitats 
(e.g.. the three species of Ectadium E. Mey., Perip- 
loca aphylla Decne.. P. visciformis (Маке) К. 
Schum.. Raphionacme haenelii Venter & R. L. 
Verh., and R. namibiana Venter < R. L. Verh. (Ven- 
ter, 1997; Venter & Verhoeven, 1986b. 1996b: Ven- 
ter et al., 1990b)). Interestingly, no Periplocoideae 
inhabit the South African Cape Floral Kingdom 
with its winter rainfall. However, a few species, e.g.. 
Periploca angustifolia Labill. and P. gracilis Boiss.. 
occur in the Mediterranean macchia of North Africa 
and Europe (Venter, 1997). 

At present the Periplocoideae comprise 31 gen- 
era and 181 species. Most of the genera comprise 
only a few species. The largest genera are Raphion- 
acme Harv. (37 species), Cryptolepis R. Br. (27 spe- 


cies). Pentopetia Decne. (21 species) (Klackenberg. 
1999), and Periploca L. (13 species) (Venter, 1997). 
The difference between these numbers and the 44 
genera and са. 190 species given ђу Venter and 
Verhoeven (1997) in their classification of the sub- 
family is because a number of little known genera, 
most of them monotypic and from Asia, have been 
put into synonymy since then. Two genera have 
been placed in synonymy by Klackenberg (1997, 
1998. 1999) and another 11 genera are synony- 
mized here (one genus previously incorrectly syn- 
onymized and corrected here) (Appendices 2 & 3). 
During the same time 14 new species have been 
added (Klackenberg, 1997, 1998, 1999; Venter & 
Verhoeven, 1999, 2000), a number of existing ones 
have been placed in synonymy (Klackenberg 1997, 
1998, 1999), and another 6 are synonymized in the 
present article (Appendix 3). Fifteen new combi- 
nations are validated herein (Appendix 3). 

The majority of periplocoid taxa are woods 
climbers of moist or drier forests or savanna, such 
as Buckollia Venter & R. L. Verh. in Africa (Venter 
& Verhoeven, 1994b). Cryptolepis (in part) in Africa 
and Аға. and Gymnanthera R. Br. in Asia and 
Australia (Forster, 1991). Some of the climbers. 
Decne., both 


e.g. Mondia Skeels and Tacazzea 
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